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Abstract

Background: Since genetic factors may play an important role in lung cancer development at low dose carcinogen exposure,
non-smokers are a good model to study genetic susceptibility and its interaction with environmental factors.
Materials and methods: We evaluated the role of the metabolic gene polymorphismsCYP1A1MspI, CYP1A1Ile462Val, GSTM1,
andGSTT1 in non-smoker lung cancer patients from the International Collaborative Study on Genetic Susceptibility to Envi-
ronmental Carcinogens (GSEC). Non-smokers (defined as subjects who never smoked on a regular basis) were selected from
the GSEC database. We pooled the raw data from 21 case-control studies for a total of 2764 Caucasians (555 cases and 2209
controls) and 383 Asians (113 cases and 270 controls). Tests of heterogeneity and of inclusion bias were performed.
Results: A significant association between lung cancer andCYP1A1Ile462Val polymorphism was observed in Caucasians
(adjusted OR = 2.04, 95% CI 1.17–3.54).GSTT1 deletion seems to be a risk factor for lung cancer in Caucasian non smok-
ers only when the analysis was restricted to studies including healthy controls (adjusted OR = 1.66, 95% CI 1.12–2.46). A
protective effect on lung cancer was observed with the combination ofCYP1A1 wild type, GSTM1 null, and GSTT1 non-null
genotypes. None of the analysed polymorphisms were associated with lung cancer in Asian non-smokers.
Discussion: Our analysis confirms previous findings thatCYP1A1Ile462Val polymorphism may play a role in lung carcinogenesis
in Caucasian non-smokers.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Lung cancer represents the main cause of avoidable
death in the world[1]. Adenocarcinoma is increasing in
frequency and accounts for almost half of lung cancers
in some countries[2], and is now the most common
histologic subtype in the United States[3]. The devel-
opment of lung cancer is strongly associated with both
active and passive cigarette smoking[4–7], and the risk

the ability to bioactivate (phase I) and detoxify (phase

II) carcinogens may be relevant in interindividual dif-
ferences in susceptibility to carcinogenesis.

Polymorphisms in the phase I CYP1A1 gene have
received particular interest because this enzyme plays
a central role in the metabolic activation of several pro-
carcinogens, such as PAHs[21–23]. There are several
known CYP1A1 polymorphisms: one of them (known
as MspI, and located in the non-coding 3′-flanking
region of the gene) consists of a T to C transition.
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results in the loss of function[29,30]. In our previous
increases with exposure over a lifetime[8]. However,
polycyclic aromatic hydrocarbons (PAH) and other car-
cinogenic compounds (such as NNK) found in tobacco
smoke are also present in ambient air and diet[9–11].
For this reason, other environmental sources of PAHs,
such as second hand smoking[12], dietary factors
[13–15], indoor exposure to fumes from cooking oils
[15–17], coal or wood combustion[15,17], and occu-
pational exposure[18] have been considered as risk
factors for lung cancer in non-smokers, although the
association with each of these factors are usually mod-
erate, possibly because the exposure doses are low.
Since genetic factors may play an important role at
low dose carcinogen exposure[19,20], non-smokers
are a good model to study genetic susceptibility and its
interaction with environmental factors.

Most chemicals that initiate lung cancer, including
PAHs, require bioactivation; individual differences in

Another CYP1A1 polymorphism, known asIle-Val
consists of an A to G transition at the exon 7 heme bin
ing region, resulting in a replacement of isoleucine
valine, and an increase in microsomal enzyme activ
[24–26]. A previous pooled analysis from our grou
[27] found a significant association between bothMspI
andIle-Val polymorphisms and 302 lung cancer in Ca
casian non-smokers.

The glutathioneS-transferases (GSTs) phase
enzymes play a major role in detoxification of man
carcinogens, such as those from cigarette smoke.
currently identified GSTs are categorized based on b
chemical characteristics[28] into four main classes.
GSTM1 is a � class isoenzyme which catalyses th
formation of polycyclic aromatic hydrocarbon epox
ides of benzo(a)pyrene to prevent the formation
diolepoxide, its terminal metabolite and the mo
important mutagen. The complete deletion ofGSTM1
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pooled analysis[27] we found no significant asso-
ciation between this variant and lung cancer risk in
non-smokers.GSTT1 is involved in the detoxification
of several carcinogens, such as 1,3-butadiene and ethy-
lene oxide, present both in tobacco smoke and ambient
air [31]. A complete deletion of theGSTT1 gene, cor-
responding to nullGSTT1 activity [31], is less frequent
among Caucasians (13–26%) than Asians (35–52%)
[32]. The role ofGSTT1 deletion as a susceptibility
factor for lung cancer is not well established[33–38],
either in smokers or in non-smokers[39,40].

The interaction betweenCYP1A1 polymorphisms
andGSTM1 deletion seems to increase lung cancer risk
[41,42]. Our previous pooled analysis[27] found a sta-
tistically significant increased risk of lung cancer for
non-smokers carrying both theIle-Val polymorphism
and theGSTM1 deletion.

In this analysis, we have updated our previously
published work[27], based on the data set of Interna-
tional Collaborative Study on Genetic Susceptibility to
Environmental Carcinogens (GSEC), by adding addi-
tional studies, including those on Asian subjects, and
extending the analysis toGSTT1 deletion.

2. Material and methods

2.1. Study population

Subjects were recruited from the International Col-
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The final sample consisted of 555 Caucasian cases
and 2209 Caucasian controls from 21 studies, and
113 Asian cases and 270 Asian controls from 4 stud-
ies. Details on number of studies and number of
subjects available for each genotype are included in
(Table 1). We updated our previous analysis[27] by
adding seven new studies of Caucasians for a total of
253 new cases and 585 new controls, and by extend-
ing the analysis to includeGSTT1 deletion and Asian
subjects.

Among the 21 studies in Caucasians, 12 recruited
controls from the general population, 6 from hospi-
tal patients and 2 from a combination of healthy and
hospitalised subjects (Table 2). Among four studies on
Asians, three recruited controls from the general pop-
ulation, one from hospital patients (Table 2). Only one
study [44] included data forGSTT genotype, there-
fore no pooled-analysis could be performed for this
polymorphism. For both Caucasians and Asians, infor-
mation on other variables such as age and sex were
available for almost all participants, while information
on ETS exposure and area of residence were available
only for a subset of subjects (19 and 33%, respectively)
(Table 1).

Non-smokers were defined as subjects who had
smoked less than 100 cigarettes in their lifetime,
although the precise definition of never-smoking sta-
tus varied slightly among the studies. The cases were
all histologically confirmed lung cancer patients.
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Lung cancer case-control studies that inclu
ever-smoker subjects with at least one of the s

ed polymorphisms (CYP1A1MspI, CYP1A1Ile462Val,
STM1, GSTT1) were selected. In order to avo

he potential confounding effect of ethnicity, on
aucasian and Asian subjects were included,
nalysed separately. Subjects of other ethnicities
frican–American cases from two studies and 7 c

rom other ethnicities) were excluded because the
ere not sufficient to perform a pooled analysis. S

he youngest case was 17 years old for Caucasian
1 years old for Asians, seven Caucasian subjects u

he age of 17 and four Asian subjects under the ag
1 were excluded among the controls.
.2. Statistical analysis

GSTM1 andGSTT1 were dichotomized into the nu
enotype and the non-null type, whereasCYP1A1MspI
nd CYP1A1Ile462Val polymorphisms were cat
orised into two groups, based on the absence or
nce of the polymorphic allele (wild type homozyg
ersus the combined heterozygous plus the va
omozygous genotype).

Study-specific crude odds ratios (OR) and 95%
dence intervals (CI) of lung cancer for each polym
hism were estimated.

Since the data could be affected by inclusion b
gger’s test and funnel plots were performed for C
asians. The funnel plot shows the study-specific
ffect estimates against their standard errors. If a s

s small (with larger standard errors), it should s
er more widely around the true effect, whereas if
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large, it should scatter narrowly around the true effect.
If there is inclusion bias, an asymmetry or skewness
of the plot should be observed. Egger’s test was used
as a regression-based test for detecting skewness in the
funnel plot[45].

In order to estimate if the differences in study-
specific ORs were greater than could be expected by
chance, Cochran Q test[46] and Breslow–Day’s test
[47] were performed.

For each polymorphism, Mantel–Haenszel pooled
ORs adjusted for study, and ORs adjusted for study,
sex and age (using multiple logistic regression models)
were performed separately for Caucasian and Asian
studies. Studies in which the OR could not be esti-
mated because of one or more zero-cell in the four-fold
table (one study[38,70]) for CYP1A1MspI, two stud-
ies[38,70,78,79]for CYP1A1Ile462Val and five studies
(unpublished,[48,66,73,75]) for GSTT1, all on Cau-
casian subjects) were excluded from the pooled anal-
ysis. Moreover, ORs were calculated separately for
studies with healthy controls and studies with hos-
pital controls. Studies with a combination of healthy
and hospitalised subjects were not considered in this
analysis. For Asians, no analysis according to type of
controls was performed, because of the small number
of studies.

To study the possible combined effect of the poly-
morphisms on lung cancer risk, a gene–gene interac-
tion analysis between Phases 1 and 2 polymorphisms
was performed. ORs were estimated using multivariate
l

AS,
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t

3

and
l
T
p the
n sub-
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g ison
w nly
o ig-
n nine
ogistic regression models.
The statistical analyses were performed using S

ersion 8e. Funnel plots, Cochran’s test and Egg
est were obtained using STATA package.

. Results

The associations between each polymorphism
ung cancer for each study are shown inTable 2.
he study-specific ORs forCYP1A1MspI polymor-
hism variants ranged from 0.3 to 5.15. Among
ine studies in Caucasians, six suggested that

ects carrying theCYP1A1MspI variant allele had
reater risk of developing lung cancer in compar
ith homozygous wild-type subjects, although for o
ne study[48] was the association statistically s
ificant. No heterogeneity was found among the
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Table 2
Study-specific odds ratios and confidence intervals forCYP1A1, GSTM1 andGSTT1 polymorphisms

Reference Cases/controls Source of
controls

CYP1A1 MspI (T/C, C/C vs.
T/T) crude OR (95% CI)

CYP1A1 Ile462Val (Ile/Val, Val/Val
vs. Ile/Ile) crude OR (95% CI)

GSTM1 (null vs. present)
crude OR (95% CI)

GSTT1 (null vs. present)
crude OR (95% CI)

Caucasians
[63,64] 8/22 Hospital – – 0.75 (0.11–5.11) –
[65] 23/143 Healthy – 1.71 (0.6–5.12) 1.76 (0.72–4.34) –
[48] 12/201 Healthy,

hospital
5.15 (1.54–17.23) 10.93 (2.64–45.18) 1.28(0.39–4.18) –

[50] 16/30 Healthy 0.6 (0.04–9.16) 7.29 (1.52–35.03) 0.47 (0.13–1.68) –
[unpublished] 104/73 Healthy 1.23 (0.57–2.66) 1.45 (0.51–4.14) 1.03 (0.56-1.9) 1.62 (0.82–3.17)
[66] 27/138 Hospital – – 0.81 (0.35–1.85) –
[67–69] 28/182 Healthy 0.3 (0.01-6.38) 2.04 (0.36–11.56) 1.01 (0.4–2.56) –
[38,70] 19/225 Healthy – – 0.68 (0.26–1.79) 1.38 (0.38–5.03)
[37] 26/236 Healthy – – 1.23 (0.54-2.79) 0.2 (0.03–1.5)
[42] 8/54 Healthy 0.96 (0.1–9.06) 2.08 (0.2–21.83) 0.44 (0.09–2.18) –
[71,72] 7/164 Healthy – – 2.01 (0.38–10.64) –
[39] 123/123 Healthy,

hospital
– – 1.51 (0.91–2.51) 0.62 (0.36–1.08)

[73] 2/43 Hospital – – 0.77 (0.05–13.27)
[74] 9/148 Healthy 2.05 (0.48–8.7) 1.73 (0.2–15.19) 1.01 (0.26–3.9) 1.03 (0.12–8.79)
[75] 18/98 Healthy – – 1.7 (0.58–5)
[76] 46/126 Hospital – – 0.69 (0.35-1.37) 0.78 (0.31–1.96)
[unpublished] 4/27 Healthy 1.3 (0.1-17.73) – 0.8 (0.1–6.54)
[77] 10/68 Hospital – – 11.4 (1.37–95.04) 1.19 (0.28–5.10)
[78,79] 13/9 Hospital 1.5 (0.19–11.93) – 0.84 (0.13–5.26)
[80] 46/39 Healthy – – 0.84 (0.36–1.99) 2.58 (0.89–7.51)
[49] 6/60 Healthy,

hospital
3.53 (0.54–23.06) 0.9 (0.09–8.57) – –

Asians
[44] 17/57 Hospital 6.75 (1.37–33.26) – –
[81] 30/96 Healthy 0.79 (0.32–1.92) 1.02 (0.43–2.43) 1.22 (0.5–3.01) –
[42] 18/68 Healthy 0.67 (0.22–2.05) 0.57 (0.2–1.63) 0.44 (0.15–1.32) –
[82] 48/49 Healthy – – 1.34 (0.6–2.98) –
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studies onCYP1A1MspI polymorphism: thep-values
for Breslow–Day’s test and for Cochran’s test were,
respectively, 0.51 and 0.59. Both studies on Asians
suggested a protective effect of theCYP1A1MspI vari-
ant allele, although none of the ORs were statistically
significant. ForCYP1A1Ile462Val polymorphism vari-
ants, the study-specific estimates varied from 0.57
(0.9 for Caucasians only) to 10.93. Except for two
studies (one in Caucasians[49] and one in Asians
[42]), all the ORs suggested a higher risk of lung
cancer for subjects who carried theCYP1A1Ile462Val
variant allele in comparison with homozygous wild-
type subjects. The results from two studies[48,50]
were statistically significant. No heterogeneity was
found among the eight Caucasian studies (p-value
for Breslow–Day’s test: 0.23,p-value for Cochran’s
test: 0.3).

The study-specific ORs forGSTM1 and forGSTT1
null genotype spread around the null value: in the 20

Caucasian studies onGSTM1, 10 produced an OR
greater than 1.0, 10 an OR smaller than 1.0; among the 8
Caucasian studies onGSTT1, 5 produced an OR greater
than 1.0, and 3 an OR smaller than 1.0. None of the
associations were significant. Among the three Asian
studies onGSTM1, two showed an OR greater than 1.0,
one showed an OR smaller than 1.0. The assumption
of homogeneity among the 20 Caucasian studies on
GSTM1 and among the eight Caucasian studies evaluat-
ing GSTT1 was confirmed by both Breslow–Day’s test
and Cochran’s test (p-values forGSTM1 were, respec-
tively, 0.54 and 0.69; forGSTT1 were, respectively,
0.12 and 0.15).

Funnel plots forCYP1A1Msp1, CYP1A1Ile462Val,
GSTM1 and GSTT1 polymorphisms are presented in
Fig. 1a–d. For all polymorphisms, no evidence of par-
ticipation bias was found (p-values of Egger’s test were
0.61 forCYP1A1Msp1, 0.87 forCYP1A1Ile462Val, 0.86
for GSTM1 and 0.87 forGSTT1).

F (a)YP1A1
( ans.
ig. 1. Begg’s funnel plot with pseudo 95% confidence limits ofC
log ORs of lung cancer and their standard errors) for Caucasi
MspI (b) CYP1A1 Ile462Val (c) GSTM1 (d) GSTT1 polymorphisms
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In Table 3, the pooled odds ratios and 95% con-
fidence intervals forCYP1A1, GSTM1 and GSTT1
polymorphisms are presented. A borderline associa-
tion was observed forCYP1A1Msp1 polymorphism
(adjusted OR = 1.65, 95% CI 0.98–2.77), which was
reduced when the analysis was restricted to studies
including healthy controls. A significant association
between lung cancer and theCYP1A1Ile462Val poly-
morphism (adjusted OR = 2.04, 95% CI 1.17–3.54) was
observed in Caucasians, with 78% power (two-sided
test;α = 0.05). This effect was reduced in the analysis
restricted to healthy controls (adjusted OR = 1.56, 95%
CI 0.87–1.38).

No association betweenGSTM1 or GSTT1 and lung
cancer was found in the whole set of non-smokers,
while a significant association between lung cancer and
GSTT1 was observed in studies including healthy con-
trols (adjusted OR = 1.79, 95% CI 1.18–2.68).

An additional analysis was performed on the differ-
ent histologic types: lung adenocarcinoma comprised
252 cases, whereas lung squamous cell carcinoma com-
prised 64 of the 555 lung cancer Caucasian cases. The
results are presented inTable 3; for adenocarcinoma,
the results were similar to those previously presented on
lung cancer as a whole. For squamous cell carcinoma,
a significant association betweenCYP1A1Msp1 poly-
morphism and lung cancer was found, but the number
of cases was very small.

For Asian studies, no association was found between
CYP1A1Msp1, CYP1A1Ile462Val, GSTM1 and lung
c 1.5,
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morphisms tested. The results of our analysis confirm
previous evidence of an association between lung
cancer risk and theCYP1A1Ile462Val polymorphism
in Caucasians, although the effect was weaker and
no longer statistically significant if the analysis was
restricted to healthy controls. The positive association
could be due to the increase in microsomal enzyme
activity for subjects carrying the Val variant allele
[24–26]. As in our previous analysis[27], a borderline
association was observed forCYP1A1MspI polymor-
phism and lung cancer. A similar result in Caucasian
non-smokers was found in another pooled analysis
conducted on part of these data[55]. In agreement
with our previous analysis[27] and what has been
already published[39,40,51,56–58], no association
was found forGSTM1 polymorphism and lung cancer
risk, either in Caucasians or in Asians.

A significant association between lung cancer and
GSTT1 polymorphism was observed only when the
analysis was restricted to studies including healthy
controls. Three studies in Caucasian non-smoker not
included in our analysis found no association between
lung cancer and theGSTT1 polymorphism, either when
the design was a population-based study[56,58] or
a hospital-based study[39]. It has to be pointed out,
however, that one of the population-based studies only
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Table 3
Pooled odds ratios and confidence intervals forCYP1A1, GSTM1 andGSTT1 polymorphisms

Cases Controls ORa (95% CI) Adjusted ORb

(95% CI)
Healthy controls Hospital controls

ORa (95% CI) Adj ORb (95% CI) ORa (95% CI) Adj ORb (95% CI)

Caucasians
CYP1A1 MspI

T/T 122 417 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) – –
T/C, C/C 43 102 1.63 (0.99–2.7) 1.65(0.98–2.77)c 1.20 (0.65–2.2) 1.24(0.65–2.36) – –

CYP1A1 Ile462Val
Ile/Ile 143 656 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) – –
Ile/Val, Val/Val 32 67 2.31(1.37–3.88) 2.04(1.17-3.54)d 2.08(1.16-3.72) 1.68(0.91–3.1) – –

GSTM1
Present 242 965 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Null 289 1016 1.09(0.88–1.35) 1.03(0.84-1.26)e 1.03(0.77-1.37) 1.05(0.80–1.38) 0.97(0.61–1.50) 0.92(0.59–1.45)

GSTT1
Present 281 835 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Null 97 191 0.96(0.69–1.32) 1.23(0.91–1.66)f 1.35(0.85–2.13) 1.79(1.18–2.68) 0.88(0.4–1.91) 0.84(0.38–1.89)

Asians
CYP1A1 MspI

T/T 18 43 1.00 (ref.) 1.00 (ref.) – – – –
T/C, C/C 28 95 0.74(0.37–1.49) 1.03(0.47–2.26) – – – –

CYP1A1 Ile462Val
Ile/Ile 30 116 1.00 (ref.) 1.00 (ref.) – – – –
Ile/Val, Val/Val 30 96 1.23(0.69–2.19) 1.30(0.71–2.38) – – – –

GSTM1
Present 42 92 1.00 (ref.) 1.00 (ref.) – – – –
Null 51 118 1.00(0.6–1.67) 0.98(0.58–1.66) – – – –

Adenocarcinoma (Caucasians)
CYP1A1 MspI

T/T 59 358 1.00 (ref.) 1.00 (ref.) – – – –
T/C, C/C 19 89 1.39(0.73–2.64) 1.59(0.81–3.1) – – – –

CYP1A1 Ile462Val
Ile/Ile 46 411 1.00 (ref.) 1.00 (ref.) – – – –
Ile/Val, Val/Val 15 58 2.83(1.38–5.79) 2.51(1.21–5.19) – – – –

GSTM1
Present 119 781 1.00 (ref.) 1.00 (ref.) – – – –
Null 117 818 0.91 (0.68–1.22) 0.83 (0.62–1.12) – – – –

GSTT1
Present 130 642 1.00 (ref.) 1.00 (ref.) – – – –
Null 30 154 0.62(0.39–0.99) 0.62(0.39–0.99) – – – –

Squamous Cell Carcinoma (Caucasians)
CYP1A1 MspI

T/T 2 308 1.00 (ref.) 1.00 (ref.) – – – –
T/C, C/C 4 69 7.25(1.18–44.66) 15.47(2.30–103.91) – – – –

CYP1A1 Ile462Val
Ile/Ile 15 561 1.00 (ref.) 1.00 (ref.) – – – –
Ile/Val, Val/Val 4 53 2.02(0.66–6.15) 3.16(0.92–10.89) – – – –

GSTM1
Present 28 668 1.00 (ref.) 1.00 (ref.) – – – –
Null 35 700 1.30(0.78–2.18) 1.23(0.73–2.06) – – – –

GSTT1
Present 35 582 1.00 (ref.) 1.00 (ref.) – – – –
Null 8 148 0.61(0.26–1.39) 0.81(0.36–1.80) – – – –

a Mantel-Haenszel OR adjusted for study.
b OR adjusted for study, sex and age.
c p = 0.06.
d p = 0.01.
e p = 0.77.
f p = 0.18.
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Table 4
Gene–gene interaction betweenCYP1A1, GSTM1 andGSTT1

GSTM1 GSTT1 Cases Controls OR (95% CI)

CYP1A1 MspI
T/T Present Present 31 87 1.00 (Ref.)
T/T Present Null 9 23 0.41 (0.13–1.27)
T/T Null Present 28 101 0.34 (0.15–0.76)
T/T Null Null 19 17 0.89 (0.31–2.51)
T/C, C/C Present Present 7 21 0.85 (0.27–2.7)
T/C, C/C Present Null 3 5 0.90 (0.11–7.37)
T/C, C/C Null Present 11 27 0.52 (0.18-1.54)
T/C, C/C Null Null 4 5 0.59 (0.09–3.77)

CYP1A1 Ile462Val
Ile/Ile Present Present 35 100 1.00 (Ref.)
Ile/Ile Present Null 9 26 0.44 (0.15–1.3)
Ile/Ile Null Present 29 115 0.29 (0.13–0.62)
Ile/Ile Null Null 23 16 1.11 (0.41–3.01)
Ile/Val, Val/Val Present Present 2 8 0.67 (0.11–4.06)
Ile/Val, Val/Val Present Null 2 0 –
Ile/Val, Val/Val Null Present 7 9 2.08 (0.51–8.54)
Ile/Val, Val/Val Null Null 1 2 0.14 (0.01–2.33)

ORs are adjusted for study, sex and age (Caucasians).

morphism as the CYP1A1 variant (Table 4). This result
could be explained by a peculiar metabolic pathway of
the carcinogens that are responsible for lung cancer in
non-smokers: such carcinogens could be preferentially
activated by phase I enzymes (CYP1A1), and then pref-
erentially detoxified by phase II enzymeGSTT1. The
wild typeCYP1A1 could be responsible for a decreased
activation, while the deletion ofGSTM1 could increase
the amount of products in the preferential pathway
involving GSTT1. However, the result could also be
due to chance, given the large amount of comparisons
performed in this analysis.

In Asians, no association was observed between
non-smoking lung cancer andCYP1A1MspI. A similar
result was observed recently in non-smoking Japanese
women [51], in Chinese non-smokers[52] and in
Japanese light smokers[53,54]. The analysis of the
data from Asian populations suggests also a lack of
association betweenCYP1A1Ile462Val polymorphism
and risk of lung cancer, as already reported in another
study on Chinese subjects[52], however the power
of the present pooled analysis is still small to draw
any conclusion. We could not perform a pooled anal-
ysis onGSTT1 in Asians because only one study had
information on this polymorphism. The role ofGSTT1
polymorphism in Asian is still controversial: a study

[60] found no association betweenGSTT1 polymor-
phism and adenocarcinoma in Japanese non-smokers,
while recently[40] such an association was found in
non-smoking Chinese subjects from Hong Kong.

Caucasian and Asian results on associations
between metabolic gene polymorphisms and non-
smoker lung cancers may differ because of differences
in environmental and dietary factors between ethnic
groups. However, the real issue may be the lack of
statistical power of studies conducted in Asian pop-
ulations.

The mechanisms underlying the associations
described in this paper have not yet been studied in
detail. While in lung cancer among smokers it has
been hypothesized that polymorphisms in Phases 1 and
2 genes may induce specific DNA damage through
adducts formation, this aspect has not been investigated
in non-smokers lung cancer[61].

The GSEC database contains individual data on
55,000 subjects. Such large number of data allows
to perform the largest study on lung cancer in non-
smokers, who represent less than 10% of lung can-
cer cases, and to perform a combined analysis on the
effects of the three different gene polymorphisms. The
dataset include information on several variables, such
as sex, age and ethnicity, which allowed us to perform
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separate analyses for Caucasians and Asians, and to
adjust the results for the confounding effect of study,
sex and age. The availability of information on poten-
tial confounding variables makes the pooled-analyses
preferable over the meta-analysis[62].

Several types of bias could affect the results of
our pooled analysis and they were discussed in our
previous study[27]. Among these limitations, hetero-
geneity and inclusion bias could affect our results.
However, the statistical analysis showed no evidence
of inclusion bias in our data. Another limitation is the
possible confounding effect of the different source of
controls in different studies. We checked this factor by
stratifying the analysis according to healthy or hospi-
talised controls, and found some heterogeneity in the
associations.

The presence of misclassification in the definition
of smoking status, and in genotyping laboratory anal-
ysis is also possible. A misclassification of the Exon 7
polymorphism could not be avoided in the present anal-
ysis, as previously discussed[27], since the included
studies could not distinguish the Ile/Val polymorphism
from the close Thr461Asn. Despite their close dis-
tance, we found no linkage disequilibrium between
these two polymorphisms, while a significant linkage
between theCYP1A1Msp1 andCYP1A1Ile462Val poly-
morphism in the studies that tested both the Ile/Val
polymorphism and the Thr461Asn polymorphisms.
However, the fact that most of the studies did not dis-
tinguish between the Ile/Val polymorphism and the
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therefore we don’t think that they could affect strongly
our results.

In conclusion, we found an association between
CYP1A1Ile462Val polymorphism and lung cancer in
a large sample of Caucasian non-smokers. A protec-
tive effect of the combination ofCYP1A1 wild type,
GSTM1 null, andGSTT1 non-null polymorphisms is
reported, which could be due to different metabolic
pathways involved in the metabolism of carcinogens
in non-smoker lung cancers.
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